The nuclear hormone receptors are a superfamily of ligand-inducible transcription factors. They include the receptor proteins for steroids, thyroid hormone, vitamin D, and retinoids. Steroid hormone receptors are structurally related and composed of six major functional domains. Domain A/B in the NH 2 -terminal region of the protein is the constitutive activation 1 (AF-1). Domain C, the DNA-binding domain, is arranged in two zinc-stabilized DNA-binding finger motifs. Region D contains a nuclear localization signal. The ligandbinding and ligand-dependent transcriptional activation function 2 (AF-2) is located in domain E/F of the COOH-terminal region of the protein. [1] [2] [3] For the activation of transcription, steroid hormone receptors recruit coactivators such as SRC-1/p160, p300/CBP, ARA70, Tip60, and RIP140, through binding to AF-1 and AF-2 of the receptors. This kind of coactivator recruits histone acetyltransferase (HAT) or bear HAT activity on itself. Recruitment of HAT allows the local decondensation of chromatin. In the next step, the DRIP/TRAP complex binds to the AF-2 of the receptor and mediates transcriptional activation. This kind of coactivator does not recruit HAT. Thus, these coactivators facilitate the transcription process. [4] [5] [6] [7] [8] [9] The thyroid hormone receptor (TR) and retinoid X receptor (RXR) in the absence of ligand bind to the corepressors, such as N-CoR and SMRT, respectively, suppressing transcriptional activity. The corepressors recruit histone deacetylase (HDAC).
Region D contains a nuclear localization signal. The ligandbinding and ligand-dependent transcriptional activation function 2 (AF-2) is located in domain E/F of the COOH-terminal region of the protein. [1] [2] [3] For the activation of transcription, steroid hormone receptors recruit coactivators such as SRC-1/p160, p300/CBP, ARA70, Tip60, and RIP140, through binding to AF-1 and AF-2 of the receptors. This kind of coactivator recruits histone acetyltransferase (HAT) or bear HAT activity on itself. Recruitment of HAT allows the local decondensation of chromatin. In the next step, the DRIP/TRAP complex binds to the AF-2 of the receptor and mediates transcriptional activation. This kind of coactivator does not recruit HAT. Thus, these coactivators facilitate the transcription process. [4] [5] [6] [7] [8] [9] The thyroid hormone receptor (TR) and retinoid X receptor (RXR) in the absence of ligand bind to the corepressors, such as N-CoR and SMRT, respectively, suppressing transcriptional activity. The corepressors recruit histone deacetylase (HDAC). [10] [11] [12] [13] The chromatin-modifying complexes, ATP-dependent remodeling complexes and HAT or HDAC complexes regulate chromatin structure and transcription so that they might be coordinated to create a DNA template that is accessible to the general transcription apparatus. 14) We employed a yeast two-hybrid system for cloning the cDNA of the protein that interacted with domains C and D of the rat estrogen receptora (rERaC/D) from the rat ovary cDNA library and cloned the cDNA of a novel steroid receptor-binding (SRB) protein bearing the regulator of the G-protein signaling (RGS) domain 15) at the COOH-terminal, designated as SRB-RGS. RGS proteins are GTPase accelerating proteins, which interact with the Ga-subunits that are linked to seven transmembrane G-protein coupled receptor. SRB-RGS bears a PDZ domain that is a multi-functional proteinprotein interaction module that plays important roles in organizing signal transduction complexes, clustering membrane proteins, and maintaining cell polarity at the NH 2 -terminal, as well. 16, 17) rERaC/D interacted in vitro with partial SRB-RGS1-495 amino acid (a.a.). SRB-RGS suppressed the transcriptional activities of ERa and the other promoters. 18) We could show that the full-length SRB-RGS interacted with either the full-length ERa or ERb by a coimmunoprecipitation assay. The full-length SRB-RGS and full length ERa interacted in COS-7 cell by a mammalian two-hybrid system. The interaction between intrinsic SRB-RGS and ERs in the nuclear ER extract from the rat uteri was suggested by the gel-shift assay. The human (h) ERa-, hERb-, hERaϩ hERb-mediated transcriptional activities were suppressed by overexpression of SRB-RGS. Enhanced fluorescence protein (EGFP)-tagged SRB-RGS was localized in the nucleus and the cytoplasm of the HeLa cells and the COS-7 cells. Similar results were shown by immunostaining of the HeLa cells. Intrinsic SRB-RGS was identified by the immunostaining and Western blotting. Overexpression of SRB-RGS induced the cell death in the HeLa cells. SRB-RGS could interact with ERs bound DNA in the nucleus and suppressed the ERs-mediated transcriptional activities. Preparation and Purification of the Antiserum against the SRB-RGS Peptide The anti-SRB-RGS peptide antiserum was prepared by Sawady Technology Co. (Tokyo, Japan) immunizing a rabbit. The immune serum was assayed by enzyme-linked immunoassay with detection at greater than 10000-fold dilution by the manufacturer. The immune and the preimmune sera were purified on protein A Sepharose TM CL-4B (Amersham Biosciences Co.). The purified sera are called as the anti-SRB-RGS antibody and the preimmune serum, respectively.
MATERIALS AND METHODS

Materials
Construction of Plasmids
The expression vectors of SRB-RGS, pcDNASRB-RGS or b-galactosidase (b-gal), pcDNAb-gal (pCMVb-gal) were constructed by inserting SRB-RGS cDNA, b-gal cDNA from pCH110, respectively into the malti-cloning site (MCS) of pcDNA3 (Invitrogen Co., Groningen, The Netherlands) driven by a cytomegalovirus (CMV) promoter in mammalian cells and by the T7 promoter in the in vitro transcription translation system. 18) The expression vector for EGFP-tagged SRB-RGS, pEGFP-SRB-RGS was constructed by inserting the PCR-amplified cDNA fragment of SRB-RGS into the HindIII site in the MCS of pEGFP-C1 (Clontech Co., Palo Alto, CA, U.S.A.). The expression vectors of DsRed1-tagged hERa and hERb, pDsRed-hERa and pDsRed-hERb were constructed by inserting PCR-amplified cDNA fragments from pCXN2-hERa and pCXN2-hERb, 19) respectively into the MCS of pDsRed1-C1 (Clontech Co.). The construction of the expression vectors of hERa, pcDNA-hERa, and hERb, pcDNAhERb were constructed by inserting PCR-amplified cDNA fragments from pCXN2-hERa and pCXN2-hERb, respectively into the MCS of pcDNA3. The constructions of pASrERaC/D, pASrERa and pACTrERaC/D were described previously. 18, 20) pACTSRB-RGS was constructed by inserting the EcoRI cDNA fragment of pcDNASRB-RGS into the EcoRI site in the MCS of pACT2 after adding 8 nucleotides at the NcoI site. pACTSRB-RGS 1-495 a.a. was constructed by inserting a PCR-amplified cDNA fragment of SRB-RGS 1-495 a.a. into the EcoRI site in the MCS of pACT2. pASSRB-RGS was constructed by inserting the EcoRI fragment of pcDNASRB-RGS into the EcoRI site in the MCS of pAS2-1. The expression vectors of the fusion proteins of GAL4 DNA-binding domain (GAL4 DNA-BD) and hERa, pM-hERa and VP16 activation-domain (VP16AD) and SRB-RGS, pVP16SRB-RGS were constructed by inserting PCR-amplified cDNA fragments from pcDNA-hERa and pcDNASRB-RGS, respectively into the MCS of the expression vectors of GAL4 DNA-BD, pM and VP16AD, pVP16 (Clontech Co.), respectively.
An Interaction Study between SRB-RGS and ERs by a Yeast Two-Hybrid System A yeast two-hybrid interaction study was performed as mentioned previously. 18, 20, 21) Briefly, the colonies of Saccharomyces cerevisiae Y187 (Y187) transfected with pAS2-1, pASrERa, pASSRB-RGS and pLAM5Ј-1 and the colonies of Saccharomyces cerevisiae CG-1945 (CG-1945 transfected with pACT2, pACTrERa, and pACTSRB-RGS 1-495 a.a. were incubated together in the same YPD medium (20 g/l polypeptone, 10 g/l yeast extract, 20 g/l glucose) at 30°C for 10 h with shaking, and an aliquot of the mating culture was placed on a synthetic dropout minimal medium (SD)/-leucine/-tryptophane/-histidineϩ5 mM 3-amino-1,2,4-triazole (3-AT) plate in the absence or presence of 10 Ϫ6 M estradiol. The transformants were assayed for b-gal activity by the colony-lift filter assay. Interacting positives turned blue.
In Vitro Interaction between SRB-RGS and ERs by Coimmunoprecipitation [
35 S]methionine-labeled proteins were prepared by using an in vitro transcription translation system. pcDNASRB-RGSϩpcDNA-hERa or pcDNASRBRGSϩpcDNA-hERb as the templates and [
35 S]methionine were added to the reaction mixture (TnT R Quick Coupled Transcription/Translation System, Promega Co., Madison, WI, U.S.A.) in the respective tubes. The each reaction mixture was incubated at 30°C for 1.5 h and then with protein G PLUS-agarose (Santa Cruz Biotechnology) for 1 h on ice. After centrifugation, the supernatants were incubated with the anti-hERa antibody HC-20, the anti-hERb antibody N-19 or anti-SRB-RGS antibody for 2 h on ice and then with protein G PLUS-agarose for 1 h on ice. The protein G PLUSagarose was washed with 10 mM Tris-HCl, 1 mM EDTA (pH 7.4) (TE) containing 0.4 M NaCl and 0.1% Nonidet P-40 (for SRB-RGSϩhERb) or 10 mM Tris-HCl, 1 mM EDTA (pH 7.4) (TE) containing 0.2 M NaCl and 0.05% Nonidet P-40 (for SRB-RGSϩhERa). The labeled proteins bound to the protein G PLUS-agarose were analyzed by 9% SDS-polyacrylamide gel electrophoresis (PAGE) and an autoradiography by using the Fluoro image analyzer FLA-3000 (Fuji Film Co., Tokyo, Japan).
Cell Culture and Transfection COS-7 cells and HeLa cells were purchased from The Institute of Physical and Chemical Research (RIKEN) (Wako, Japan). They were routinely maintained in Dulbecco's modified Eagle's minimal essential medium (DMEM) (Sigma Co., St. Louis, MO, U.S.A.) supplemented with 10% fetal bovine serum (FBS) (Medical & Biological Laboratories Co., Nagoya, Japan). The cells were maintained in 5% CO 2 ) were transiently transfected with plasmids by lipofectamine2000 (Invitrogen Co.). The cells were incubated for 48 h after transfection.
Chloramphenicol Acetyltransferase Assay The chloramphenicol acetyltransferase (CAT) assay for ER transcriptional activity, using a FAST CAT Yellow (deoxy) CAT assay kit (Molecular Probes, Eugene, OR, U.S.A.), and the b-gal assay were performed as mentioned previously. 18) Briefly, the medium for COS-7 cells in a screw-capped flask (25 cm 2 ) was replaced by phenol red-free MEM (Nissui Pharmaceutical Co., Tokyo, Japan) supplemented with 10% dextrancoated charcoal-treated (DCC) FBS for 48 h before transfection. The COS-7 cells were cotransfected with plasmids as indicated and incubated for 48 h in the presence of 10 Ϫ7 M estradiol after transfection. The cell extract was prepared according to the manufacturer's manual. A portion of the cell extract was incubated with fluorescent deoxychloramfenicol substrate and acetyl CoA (Sigma Co.) at 37°C for 2 h. The acetylated derivative and the substrate were quantified by measuring the absorbance using the fluorescence spectrophotometer Model F-3010 (Hitachi Co., Tokyo, Japan). For the b-gal assay, the other portion of the cell extract was incubated with o-nitrophenyl b-galactopyranoside at 37°C for 30 min. The relative CAT activities were calculated according to the manufacturer's manual and normalized by b-gal activities. The CAT activity for the cells cotransfected with the empty plasmid, pcDNA3 instead of pcDNA-hERa (or pcDNA-hERb) was subtracted from each CAT activity.
Quantitative Real-Time RT-PCR pcDNA-hERa (or pcDNA-hERb), pEREtkCAT and pcDNAb-gal were cotransfected with pcDNASRB-RGS (or pcDNA3) to COS-7 cells and incubated under the same condition as mentioned below in Fig. 2 (the CAT assay for the ER transcriptional activites). Total RNA was prepared by RNeasy Plus Mini kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's manual from 2.5ϫ10 6 COS-7 cells. Briefly, the homogenized lysate was centrifuged in a DNA Eliminator spin column to eliminate contaminating DNA and then in a RNeasy spin column to get total RNA. A 260 /A 280 value was approximately 2.2. The total RNA was converted to cDNA by iScript cDNA synthesis kit (Bio-Rad Co., Hercules, CA, U.S.A.) using a modified MMLV-derived reverse transcriptase, oligo (dT) and random hexamer primers. SYBR green-based real-time RT-PCR was carried out by SYBR GREEN PCR Master Mix (Applied Biosystems, Warrington, U.K.) using Mx3000P TM Multiplex Quantitative PCR System (Stratagene Co., La Jolla, LA, U.S.A.). The following primer pairs were used: 5Ј-ATC AGG ATA TGT GGC GGA TGA-3Ј (forward) and 5Ј-CTG ATT TGT GTA GTC GGT TTA TGC A-3Ј (reverse) for amplification of b-gal, 5Ј-CCA CCA ACC AGT GCA CCA TT-3Ј (forward) and 5Ј-GGT CTT TTC GTA TCC CAC CTT TC-3Ј (reverse) for amplification of hERa and: 5Ј-AGA GTC CCT GGT GTG AAG CAA G-3Ј (forward) and 5Ј-GAC AGC GCA GAA GTG AGC ATC-3Ј (reverse) for amplification of hERb. The plasmids pcDNAb-gal, pcDNA-hERa and pcDNA-hERb were used as standards of quantification for b-gal, hERa and hERb cDNAs, respectively. Reactions were incubated at 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. Controls incubated no-reverse transcriptase reactions in which reverse transcriptase were omitted from the reverse transcriptase reaction.
Mammalian Two-Hybrid System Mammalian two-hybrid assay for interaction between ERa and SRB-RGS was performed using Mammalian Matchmaker Two-Hybrid Assay kit (Clontech Co.). Briefly, COS-7 cells were cotransfected with plasmids as indicated and incubated in the absence or presence of 10 Ϫ7 M estradiol. The cell extracts were incubated with fluorescent deoxychloramfenicol substrate and acetyl CoA as mentioned above. The relative CAT activities were normalized by b-gal activities as mentioned above.
Observation of Subcellular Localization of SRB-RGS and TUNEL-Positive Cells by Confocal Laser-Scanning Microscopy
The HeLa cells or COS-7 cells in 35-mm dishes (10.8 cm 2 ) were grown on glass cover slips in phenol red-free MEM supplemented with 10% DCC FBS, and the plasmids were transiently cotransfected by lipofectamine2000. They were incubated for 48 h in the presence or absence of 10 Ϫ7 M estradiol or 10 mM Z-VAD-FMK (the caspases inhibitor) (Peptide Institute Inc., Minoh, Osaka, Japan) after transfection. The cells washed with PBS and fixed in 4% paraformaldehyde for 1 h. After the cover slips were mounted on to glass sides after or without propidium iodide (PI) staining of the cells, the cells were viewed on a confocal laser-scanning microscopy Model Fluoview FV300 (Olympus Co., Tokyo, Japan).
The ApoTag R Red In Situ Apoptosis Detection kit (Intergen Co., Purchase, NY, U.S.A.) was used for the assessment of DNA fragmentation in the cells transfected with the plasmids after fixation of the cells on glass cover slips. Briefly, DNA fragments, which had been labeled with the digoxigenin-nucleotide, were then allowed to bind an anti-digoxigenin antibody conjugated to Rhodamine. The cells were viewed on a confocal laser-scanning microscopy as mentioned above.
Immunostaining of the Cells HeLa cells were grown on glass cover slips in 35-mm dishes and fixed in 4% paraformaldehyde for 1 h. After permiabilization with 2% Triton X-100 in PBS for 10 min. at room temperature, the cells were blocked with 20% FBS in PBS and incubated with the anti-SRB-RGS antibody (or the preimmune serum) and then the fluorescein-5-isothiocyanate (FITC)-conjugated goat IgG to rabbit immunoglobulin (IgG, IgA, IgM) (ICN pharmaceuticals, Aurora, OH, U.S.A.) followed by PI staining. They were observed on a confocal laser-scanning microscopy as mentioned above.
SDS-PAGE Analysis of [
S]Methionine-Labeled SRB-RGS Expressed in COS-7 Cells
Transfected with pcD-NASRB-RGS COS-7 cells at 48 h after transfection with pcDNASRB-RGS or the empty plasmid, pcDNA3 were labeled for 4 h in methionine-and cystine-free DMEM (Gibco/Invitrogen Co., Carlsbad, CA, U.S.A.) containing [ 35 S]methionine (100 mCi/ml). The labeled cells were lysed in a solubilization buffer containing 10 mM Tris-HCl (pH 7.4), 0.15 M NaCl, 1% Nonidet P-40, 0.1% SDS, a protease inhibitor cocktail for mammalian tissues (Sigma Co.), designated as the whole cell lysate. The anti-SRB-RGS antibody was added to the whole cell lysate, and incubated for 1 h on ice. The immune complexes were adsorbed to protein G PLUS-agarose, washed extensively with a washing buffer [10 mM Tris-HCl (pH 7.4), 0.15 M NaCl, 0.1% Nonidet P-40, 0.1% SDS, and the protease inhibitor cocktail], and then analyzed with 7% SDS-PAGE followed by an autoradiography as mentioned above. Western Blotting Analysis HeLa cells without transfection of any plasmids were lysed in the solubilization buffer as mentioned above and dialyzed against TE. The lysate was subjected on 7% SDS-PAGE and transferred to a nitrocellulose membrane (Bio-Rad Co.). The analysis was performed with ECL plus Western blotting detection system (Amersham Biosciences UK Limited, Little Chalfont, U.K.). Briefly, the membrane was immersed in 5% non-fat dried milk, 0.1% Tween 20 in PBS and incubated with the anti-SRB-RGS antibody and then peroxidase-linked anti-rabbit IgG. Peroxydase activity was developed according to the manufacturer's manual. The chemiluminescent signal of the band was visualized using a Lumino image analyzer LAS-1000 plus (Fuji Film Co.).
Gel-Shift Assay The gel-shift assay was performed as mentioned previously. 2, 20) Animal and Tissue Preparation: Female SD rats (8 weekold) were obtained from Charles River Co. (Yokohama, Japan), and were sacrificed by cervical dislocation. The uteri were removed and immediately frozen in liquid nitrogen. They were used immediately or stored at Ϫ80°C before use. These experiments were approved by Animal Research Committee of Kawasaki Medical School and conducted according to the "Guide for the Care and Use of Laboratory Animals" of Kawasaki Medical School.
Preparation of the Nuclear Receptor Fraction from the Rat Uteri: The operations were carried out at 0-4°C. The nuclear receptor fraction was prepared following treatment of the rats with estradiol (100 mg/kg). The uteri were homogenized with TEGMPi buffer 2) and filtered through Nytex (100-124 mm). The filtrate was centrifuged at 2500ϫg for 10 min. The pellet was washed twice with homogenization buffer and resuspended in the buffer containing 0.4 M KCl and allowed to extract for 30 min. The suspension was centrifuged at 105000ϫg for 50 min.
Synthetic Oligonucleotides: A wild type 25-base pair synthetic oligonucleotide containing a Xenopus vitellogenin A2 estrogen response element (VRE) were prepared as followed: The synthetic oligonucleotide 5Ј-TCAGGTCACTGTGAC-CTGACTTTGG-3Ј was annealed to the complementary primer 5Ј-CCAAAGTC-3Ј. [ 33 P]VRE or the unlabeled VRE was synthesized by end-filling of the annealed oligonucleotide with Klenow fragment (Takara Co., Kusatsu, Japan) in the presence of 20 mM each of dCTP, dGTP, dTTP, dATP with or without 5 mM of [a-33 P]dATP, respectively. Gel-Shift Assay: The nuclear receptor fraction were incubated with [
33 P]VRE, electrophoresed through non-denaturing PAGE (5.6%), and autoradiographed as mentioned above. (Table 1) .
RESULTS
Interaction Study of the Estrogen Receptors and SRB-RGS
Coimmunoprecipitation Assay: We examined whether [ 35 S]methionine-labeled SRB-RGS, hERa or hERb were translated correctly by an in vitro transcription and translation system adding pcDNASRB-RGS, pcDNA-hERa or pcDNA-hERb, respectively, as the templates and [
35 S]methionine to the reaction mixture containing the rabbit reticulocyte lysate. The labeled products immunoprecipitated by the respective antibodies and protein G-agarose showed their apparent molecular weights on SDS-PAGE (data not shown), suggesting that they were translated correctly in this system.
The interaction study of full-length SRB-RGS and fulllength ERs was examined by a coimmunoprecipitation assay. Estradiol was not added to the medium for the interaction study using immunoprecipitation assay on the basis of the above observation by a yeast two-hybrid system. [
35 S]methionine-labeled SRB-RGS and hERa were synthesized in the same reaction mixture of an in vitro transcription and translation system and immunoprecipitated by an anti-hERa antibody HC-20 or an anti-SRB-RGS antibody, and analyzed by SDS-PAGE and autoradiography. Similarly, an interaction between hERb and SRB-RGS was examined. [
35 S]methionine-labeled SRB-RGS and hERb synthesized as mentioned above were immunoprecipitated by the anti-hERb antibody N19 or the anti-SRB-RGS antibody, and analyzed by SDS-PAGE and autoradiography. SRB-RGS or ERs were coimmunoprecipitated by the anti-SRB-RGS antibody (Fig. 1A  lanes 2, 6) , anti-hERa antibody (Fig. 1A lane 3) or antihERb antibody (Fig. 1A lane 7) , respectively, whereas they were hardly coimmunoprecipitated by the vehicle that contained the preimmune serum (Fig. 1A lanes 1, 5) . These observations showed that full-length SRB-RGS bound to either full-length hERa or hERb in vitro.
Mammalian Two-Hybrid Assay: The interaction of fulllength SRB-RGS and full-length hERa in the COS-7 cells was examined by a mammalian two-hybrid assay in the absence or presence of estradiol. As indicated at the bottom of Fig. 1B , the expression vectors of the fusion proteins of GAL4 DNA-binding domain (GAL4 DNA-DB) and hERa, pM-hERa (or an empty vector, pM) and VP16 activation-domain (VP16 AD) and SRB-RGS, pVP16 SRB-RGS (or an empty vector, pVP16) were also cotransfected with the re- Saccharomyces cerevisiae Y187 and CG-1945 were transfected with plasmids 1 and 2, respectively, followed by yeast mating. The growth and b-galactosidase (b-gal) assay of the cells were determined as described previously.
18) The growth was performed in the presence (ϩE 2 porter plasmid, pG5CAT which contains the CAT gene downstream of five consensus GAL4 binding sites and the minimal adenovirus E1b promoter to COS-7 cells. The interaction between hERa and SRB-RGS was expressed as relative CAT activity normalized by b-gal activity. The CAT activity remained low when cells were transfected with the empty plasmids (pM and pVP16AD), or when either of these plasmids was transfected together with pM-hERa or pVP16 SRB-RGS. In contrast, when pM-hERa was transfected together with pVP16 SRB-RGS, the CAT activities of the reporter were induced approximately 5-fold and 2.3-fold in the presence or absence of 10 Ϫ7 M estradiol, respectively (Fig.  1B) . In the presence and absence of 10 Ϫ7 M estradiol, SRB-RGS interacted with hERa in the nucleus of the COS-7 cell.
Gel-Shift Assay: The interaction of intrinsic SRB-RGS and ERs in the nuclear receptor fraction from the rat uteri was examined by the gel-shift assay. The nuclear receptor fraction incubated with [ ]methionine-labeled SRB-RGS prepared by an in vitro transcription translation system. There was no band corresponding to the mobility of SRB-RGS in the lysate of the cells transfected with pcDNA3. In the COS-7 cells transfected with pcDNASRB-RGS, the SRB-RGS protein was translated with the correct amino acid sequence (data not shown).
Both ERa and ERb are coexpressed in the same cells of estrogen target tissues. In some target tissues, each ER is distributed separately in the different cells. 22, 23) We examined the effects of SRB-RGS overexpression on the ERa-, ERb-, and ERaϩERb-mediated transcriptional activities in COS-7 cells. We introduced the smallest and still effective amount of pcDNASRB-RGS to suppress the ERs-mediated transcriptional activities. In this condition, the CMV promoter-driven transcriptional activity (the CMV promoter-driven expression of b-gal) was not suppressed (data not shown). Therefore, the expression vector of b-gal driven by CMV promoter, pcDNAb-gal was cotransfected to normalize transfection efficiency. As indicated at the bottom of Fig. 2 , the expression vectors of hERa, pcDNA-hERa and/or hERb, pcDNAhERb (or the empty plasmid of them, pcDNA3) and the reporter plasmid for ERs-mediated transcriptional activities, pEREtkCAT were also cotransfected with the expression vector of SRB-RGS, pcDNASRB-RGS (or the empty plasmid, pcDNA3) to COS-7 cells. Using the reporter plasmids pEREtkCAT, it was demonstrated that, among hERa, hERb, and hERaϩhERb, hERa had the strongest transcriptional activity. (Fig. 2 No. 1), hERb had the weakest one (Fig. 2 No. 3), and hERaϩhERb had the middle-range one (Fig. 2 No. 5). ERb inhibits ERa-mediated transcription in the presence of ERa, whereas, in the absence of ERa, it can partially replace ERa. 24) Our results (Fig. 2 Nos. 1, 3, 5) are consistent with theirs. The hERa-, hERb-, hERaϩhERb-mediated transcriptional activities were suppressed to 41, 21, and 25%, respectively by overexpression of SRB-RGS (Fig.  2 Nos. 2, 4, and 6, respectively). SRB-RGS suppressed very effectively on the transcriptional activities of ERs, especially ERb.
pcDNA-hERa (or pcDNA-hERb) and pEREtkCAT were cotransfected with pcDNASRB-RGS (or pcDNA3) and pcDNAb-gal to normalize transfection efficiency to COS-7 cells as indicated above. Quantitative real-time RT-PCR was performed to examine the effects of introduction of pcD-NASRB-RGS on the expression of hERa and hERb mRNAs. When the mRNA quantity in the cells transfected with pcDNA3 is represented as 100% in each ER, the meansϮS.D. of three independent experiments in the values in the cells transfected with pcDNASRB-RGS are 120Ϯ50% for hERa and 104Ϯ27% for hERb. Introduction of pcD-NASRB-RGS to the cells did not affect significantly the expression of hERa and hERb mRNAs, suggesting that the suppression effects of SRB-RGS on the ERs-mediated transcriptional activities were not due to decrease of ERs expression in the COS-7 cells.
Subcellular Localization and Identification of SRB-RGS To elucidate the subcellular localization of SRB-RGS, the expression vector of EGFP-tagged SRB-RGS, pEGFPSRB-RGS, was cotransfected with (B) or without (A) the expression vectors of DsRed1-tagged hERa or hERb, pDsRed-hERa or pDsRed-hERb, respectively, to HeLa cells (A) or COS-7 cells (B), as indicated in Fig. 3 . Transfection of pcDNASRB-RGS (3 mg) or pEGFPSRB-RGS (3 mg) to HeLa cells induced the cell death as mentioned below in Fig.  4 . Therefore, relatively small amount of the plasmid (0.2 mg) was transfected to the HeLa cells. Fluorescence was observed by a confocal laser-scanning microscopy after PI staining (Fig. 3A) . Green fluorescence of EGFP-tagged SRB-RGS was observed both in the nucleus stained by PI and in the cytoplasm, but not in the plasma membrane, of the HeLa cells. By even small amount of pEGFPSRB-RGS, some HeLa cells showed the appearance of cell shrinkage (an apoptotic appearance). Therefore, pEGFPSRB-RGS (2 mg) was cotransfected to COS-7 cells with pDsRed-hERa (2 mg) or pDsRed-hERb (2 mg). Green fluorescence of EGFPtagged SRB-RGS was observed both in the nucleus, where hERa or hERb localized, and in the cytoplasm, of the COS-7 cells (Fig. 3B) . Subcellular localization of SRB-RGS was similar despite the presence or absence of ERs and/or estradiol in the HeLa cells and COS-7 cells.
We examined subcellular localization of intrinsic SRB-RGS and identification of intrinsic SRB-RGS by immunostaining of HeLa cells without transfection of plasmids. HeLa cells were immunostained with the anti-SRB-RGS antibody or PBS containing preimmune serum and then fluorescein-5-isothiocyanate (FITC)-conjugated anti-rabbit immunoglobulin (green fluorescence) as a secondary antibody and observed on a confocal laser-scanning microscopy after staining of the nucleus with PI (red fluorescence). SRB-RGS was stained in the cytoplasm and in the nucleus stained with PI in HeLa cells (Fig. 3C ). These observations showed that intrinsic SRB-RGS localized in the cytoplasm and the nucleus, but not in the plasma membrane. In some cells, the cytoplasm was immunostained, but the nucleus was not. SRB-RGS may be localized in either the nucleus or the cytoplasm of the cell and shuttle between the nucleus and the cytoplasm under some condition. These findings by intrinsic SRB-RGS (Fig.  3C) were consistent with the observations in the HeLa cell or the COS-7 cells transfected with pEGFPSRB-RGS (Figs.  3A, B) .
The whole cell lysate from HeLa cells without transfection with pcDNASRB-RGS was analyzed by Western blotting using the anti-SRB-RGS antibody and then peroxidase linked anti-rabbit IgG. Consequently, an apparent band with the mobility corresponding to SRB-RGS was detected (Fig.  3D, a white arrow) . The band of SRB-RGS was observed in the whole cell lysate from COS-7 cells without transfection of pcDNASRB-RGS as well (data not shown).
These findings (Figs. 3C, D and Fig. 1C) showed that the intrinsic SRB-RGS was expressed in the cells. The putative SRB-RGS deduced from cDNA sequence 18) was identified. The COS-7 cells were transiently transfected with plasmids as indicated at the bottom. The empty plasmid, pcDNA3 was added to obtain the same input DNA amount. pcDNAb-gal was cotransfected to normalize transfection efficiency. After transfection, the cells were incubated for 48 h in the presence of 10 Ϫ7 M estradiol. The CAT activity for the cells cotransfected with the empty plasmid, pcDNA3 instead of pcDNA-hERa and/or pcDNA-hERb was subtracted from each CAT activity. The numbers on top of the bars in the graphs represent the percent activity for each ER group. In each ER group, the activity in the cells transfected with pcDNA3 is represented as 100%. Values are the meansϮS.D. of three independent experiments. Vol. 30, No. 6 Overexpression of hRGS3T, but not previous hRGS3, followed by serum deprivation resulted in apoptosis of CHO cells. 27) Overexpression of SRB-RGS induced the cell death in HeLa cells without serum deprivation (Fig. 4) . SRB-RGS might induce the cell death through caspases-independent affection to survival signals of the cell.
